Photocatalytic degradation is a cost-effective technology for the removal of volatile organic compounds. However, the mechanism of photocatalytic degradation of volatile organic compounds on TiO 2 is still a challenging issue. Fortunately, infrared spectroscopy is a powerful technique, able to provide information about adsorption/desorption, intermediates/products, and interfacial reaction. The aim of this chapter is to review several aspects of our current understanding of the role of TiO 2 in the degradation of volatile organic compounds, by using in situ diffuse reflectance infrared Fourier transform spectroscopy. We firstly review the state of photocatalytic degradation of volatile organic compounds briefly. This is followed by a summary of in situ infrared techniques. The interaction of TiO 2 surfaces with vapor organic molecules and other species is then reviewed with the representative works in recent years. It ends with a brief future outlook on the mechanism of photocatalytic air purification of TiO 2 .
Introduction
Volatile organic compounds (VOCs), such as toluene, formaldehyde, and benzene, emitted from decoration materials, paint and cementing compound, are the major pollutants in indoor air [1] . There is evidence that most of the VOCs significantly impact human health. In general, they can irritate the mucous membranes of eyes and respiratory tract, and even damage the nervous system [2, 3] . Compared with adsorption by activated carbon, biofiltration, or thermal cataly-sis, photocatalytic degradation is a cost-effective technology for removal of VOCs, because the pollutants can be oxidized to mineral salts, CO 2 , and H 2 O under mild operating conditions [4, 5] . In a typical process, a semiconductor is irradiated with light whose energy is higher than the band gap energy of the semiconductor, generating an electron (e − ) from the valence band to the conduction band and leaving a hole (h + ) in the valence band. Some electron-hole charge carriers can in turn undergo recombination and dissipate the excess energy, while the other carriers can migrate to the surface of the semiconductor and initiate redox reactions with the surfaceadsorbed organic compounds.
One of the most widely used semiconductor photocatalysts at present is TiO 2 , due to its good chemical and thermal stabilities, low cost, innocuousness, and relatively high photocatalytic activity [7] [8] [9] . As evidenced by a wide number of publications that have appeared in the past 20 years, the photocatalytic degradation of VOCs on TiO 2 mainly involves three aspects:
i.
Given that TiO 2 possesses the relatively large band gap (3.2 eV) so that only UV radiation can activate it, many modification methods, including ion doping and semiconductors coupling, are developed on TiO 2 to use low-energy photons available in the visible spectral region. In the meantime, efforts have been made to enhance its photocatalytic performance by increasing the electron-hole pair separation and/or specific surface area.
ii. Photocatalytic reactor development, as an engineering approach to enhance the efficiency of degradation of VOCs, involves updating existing fixed and flow bed reactors, and designing new reactors.
iii.
Various researchers were dedicated to interpreting the mechanism and kinetics of photocatalytic degradation of VOCs. Since the photocatalytic degradation of VOCs is a complicated process and critically depends on the temperature, humidity level, pressure, and the composition of the reaction's gaseous environment, it is desirable to identify the mechanism to help researchers rational design new photocatalysts and reactors for better photocatalytic activities of degradation of VOCs.
Until now, the use of infrared (IR) spectroscopy has become one of the most powerful techniques to study the photocatalytic mechanism of degradation of VOCs with the advent of in situ accessories [10, 11] . A greater variety of important information about the nature of adsorbed molecules and reaction intermediates can be obtained by using IR. In many cases, it has been possible to establish relationships between surface properties of photocatalysts, interactions of interfacial species, and the changes of these species and the photocatalytic activities. The improved understanding obtained from such in situ IR characterizations has led to the developments of new photocatalysts and better understanding of photocatalytic processes. We have also noticed that some reviews and books had highlighted the representative examples in this field [12, 13] . Given that the mechanism of photocatalytic degradation of VOCs on TiO 2 is still a challenging issue, herein, we review several aspects of our current understanding of the role of TiO 2 in the degradation of VOCs by using in situ diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS). Special interest is taken in describing the interaction of TiO 2 surfaces with vapor organic molecules and other species, considering that the target pollutants, humidity level and oxygen play an important role in TiO 2 photocatalysis in gaseous. A summary of the remaining challenges and prospects of in situ IR for photocatalytic air purification investigation is also given.
In situ DRIFTS technique and related accessories
IR is the vibrational technique based on the interaction of electromagnetic radiation with species that possess a permanent or induced dipole moment and the excitation of different vibrational states [14] . The test forms of IR mainly include transmission/absorption spectroscopy, internal reflection spectroscopy (IRS) which is well known for attenuated total reflection (ATR), and DRIFTS. In principle, DRIFTS is most suitable for in situ measurements of gassolid interface reaction, especially for photocatalytic degradation of VOCs on solid photocatalysts, because it can collect and analyze the surface-reflected electromagnetic radiation carrying surface and interfacial information. As shown in Figure 1 , the regular and specular reflection from the photocatalyst powders with infrared beam incidence can be obtained by using a particular reflection light collector. Moreover, this collection mode allows the introduction of gaseous species to the surface of the photocatalysts so that the in situ experimental condition can be achieved [10, 15] . Generally, an in situ DRIFTS experimental apparatus consists of one reaction cell, one diffuse reflectance accessory, and one gas-dosing system. A typical design of the diffuse reflectance accessory with on-axis geometry (Figure 2 ) has a higher optical efficiency than the other designs, off-axis accessory and integrating spheres [16] . However, one major drawback of onaxis geometry is that much of the front-surface reflection is collected along with the diffusely reflected reflection that has penetrated into the sample before reemerging from its top surface. It means that bands become distorted, and the ratio of the absorption coefficient and the scattering coefficient versus concentration becomes nonlinear at low concentration [16] . All specularly reflected radiation can be eliminated by accessories with off-axis design (Figure 3a) . In this case, it should be pointed out that band shapes are more symmetrical, apart from the contribution of compensation by the Kubelka-Munk transform, 
where R is absolute reflectivity, a is absorbance, c is concentration, and s is scattering coefficient. Commercial DRIFTS accessories usually consist of the reaction cell covered by a dome with three windows (Figure 3b,c) for solid-gas interfacial investigation in photocatalysis. Two of them are IR-transparent windows for the spectrometer infrared beam to enter and exit the cell, while the third one allows for observation or irradiation by excitation light source on photocatalysts. IR-transparent windows can be made of KBr, ZnSe, and CaF 2 for mid-infrared test, and polyethylene (PE), Ge, and Si for far-infrared test, respectively. Quartz is the common material for viewing window. In situ experimental conditions can be achieved by coupling the gas-dosing system with DRIFTS accessory and its cell. Photocatalytic air purification, compared with degradation in aqueous, water splitting and CO 2 reduction, seldom uses commercial gas-dosing systems to meet the requirement of DRIFTS investigation, because the gas-dosing system should offer each reaction gas with different concentrations, flow rates and humidity levels in a wide range, and different residual gas absorbers for different VOCs. Therefore, the gas-dosing system was always built by independent groups. Figure 4 shows the schematic diagram of the gas-dosing system for photocatalytic air purification and in situ DRIFTS measurements by Zhang et al. [17, 18] . Take toluene for example; mass flow controllers were used to control the 20 vol% O 2 /N 2 compressed air which carried toluene vapor from the saturator containing toluene. The water vapor was supplied to the cell via a bypass line. Argon (Ar) was used as purging gas. In the experiment, the accurate concentration of toluene was analyzed by gas chromatography. The relative humidity (RH%) in the cell was determined using an electronic hygrometer fixed in the bypass line. The whole system operating interface has been renovated based on the previous study for convenience and user-friendliness ( Figure 5 ). The setup reported by Deveau et al. [23] [24] [25] . But describing in situ IR cells and gas-dosing system in DRIFTS investigation in photocatalysis is the scope of the present view. It can be concluded that although DRIFTS provides a useful means for gathering information concerning the photocatalytic air purification, it is still on the initial stage, both for in situ cells and gas-dosing systems.
In situ DRIFTS investigation of photocatalytic degradation of VOCs on TiO 2
Although many studies have focused on photocatalytic degradation of VOCs on TiO 2 , the reaction mechanism and a comprehensive picture of the adsorption structure and degradation route are unclear or remain controversial. In principle, the photogenerated e − and h + can directly initiate redox reaction with surface-adsorbed molecules of VOCs: electron donors (D ads ) and acceptor (A ads ) on TiO 2 , respectively. If multiple kinds of electron donors (D ads ) and/ or acceptor (A ads ) are present on the surface, however, the e − and h + may be trapped to form secondary radicals which further react with the target VOCs. For pure TiO 2 , its surface coordinatively unsaturated Ti 4+ and O 2− species allow dissociative chemisorption of molecular water to satisfy the coordination of Ti 4+ and O 2− sites, making the surface of TiO 2 hydroxylated [31] [32] [33] , making the air purification complex. Here, some representative works in recent years and several examples from our group are discussed.
Degradation of toluene
Reports have shown that surface hydroxyl groups formed by water vapor interacting with TiO 2 surface can easily affect the adsorption and photocatalytic processes of toluene degradation. Augugliaro and coworkers [34] carried out the toluene and toluene/water adsorption experiments on TiO 2 samples. The corresponding IR spectra are shown in Figure 6 . Curve a is the spectrum of the TiO 2 powder pre-outgassed at room temperature, exhibiting a peak at 3665 cm −1 and a very broad adsorption in the high wavenumber region. These components can be assigned to the stretching mode of free hydroxyl groups, hydrogen-bonded OH groups, and water molecules coordinated to surface Ti 4+ . In contact with toluene, the band at 3665 cm −1 , due to the free hydroxyl groups, completely disappeared, indicating that free hydroxyl groups are effective Lewis acid adsorption sites for toluene, and a new broad and complex band appeared at lower wavenumber region, the shift resulting from the interaction between the OH groups and the π electrons of the aromatic molecules. In addition, peaks due to adsorbed toluene appeared in the 3100-2800 cm −1 (CH stretching) and 1610-1360 cm −1 (ring stretching, CH deformation) ranges. After short outgassing at room temperature, the bands of the adsorbed toluene disappeared, and the characteristic bands of the free OH species were completely restored (curve c), indicating that the interaction between aromatic molecules and hydroxyl group is quite weak and fully reversible. Then they investigated toluene photocatalytic oxidation on two TiO 2 samples with different surface hydration states: one pre-outgassed at room temperature and the other pre-outgassed at 873 K without the occurrence of the anatase-rutile phase transition. Figure 7 shows the results of the toluene photocatalytic oxidation experiment obtained in the case of TiO 2 preoutgassed at room temperature. After exposing TiO 2 to the toluene/H 2 O/O 2 mixture, bands due to adsorbed water (peak at 1640 cm −1 ) and aromatic molecules (signals at 1600, 1496, and 1460 cm −1 ) were observed (Figure 7a) . After irradiation, a slight decrease in the toluene bands at 1496 and 1460 cm −1 was observed, while new bands appeared (Figure 7b) . This suggested that a fraction of toluene transformed to a new species under UV irradiation. Finally, they found that the main oxidation product of toluene was benzaldehyde. In the case of the dehydroxylated TiO 2 , the admission of the toluene/H 2 O/O 2 mixture onto the TiO 2 produced bands due to physically adsorbed water and toluene molecules (Figure 8a) . Nevertheless, after UV irradiation, traces of bands due to benzaldehyde were hardly recognizable in the spectrum (Figure 8c) . Compared with the fully hydroxylated TiO 2 , the dehydroxylated one exhibited strongly reduced photocatalytic activity, confirming that surface OH groups play an important role in the photocatalytic oxidative process. Maira et al. [35] studied the photocatalytic activities of TiO 2 which are prepared by thermal and hydrothermal methods, respectively, for the gas-phase photocatalytic oxidation of toluene. A comparative IR study of the surface structure of the samples was also conducted. Figure 9 shows the results of photocatalytic oxidation of toluene on the TiO 2 prepared by thermal method. Upon adsorption of toluene, the bands (3630, 3674, and 3687 cm −1 ) of the isolated hydroxyl groups were replaced by a broad band centered at 3550 cm −1 (Figure 9c) , indicating that toluene was mainly adsorbed on the isolated hydroxyl groups at the TiO 2 prepared by thermal method. The irradiation of TiO 2 under H 2 O/O 2 condition (Figure 9d ) caused a slight decrease of the bands due to the adsorbed toluene (3085, 3066, 3027, 3927, and 2872 cm −1 ) and the formation of several small bands due to benzaldehyde in the 1900-1100 cm −1 range. The band at 1682 cm −1 was attributed to the carbonyl vibration of the aldehyde group, and the bands at 1641, 1595, and 1580 cm −1 may arise from the different vibrational modes of the aromatic ring. After a subsequent outgassing at room temperature (Figure 9e) , the 3550 cm −1 band and the bands due to adsorbed toluene practically disappeared, and the bands of isolated hydroxyls were partially recovered. This indicated that toluene was weakly adsorbed on the hydroxyls. In addition, the decrease of the bands due to benzaldehyde indicated that a small amount of benzaldehyde was also desorbed. After exposing the treated sample to water vapor and subsequent irradiation, the bands due to benzaldehyde reduced but did not disappear. Toluene adsorption on the TiO 2 prepared by hydrothermal method resulted in several changes. Toluene was adsorbed not only on the isolated hydroxyls, but also on the Hbonded hydroxyls. The irradiation of TiO 2 under H 2 O/O 2 condition caused decrease of toluene and hydroxyl species, and formation of benzaldehyde. A subsequent outgassing of the sample resulted in the disappearance of the bands related to toluene adsorption and a slight decrease of the adsorbed benzaldehyde bands. By considering the photocatalytic activity of these two samples and the IR results, they concluded that the interaction of toluene with the hydroxyl groups of isolated types mainly leads to the formation of benzaldehyde, while the interaction with H-bonded hydroxyls leads to nearly complete degradation. Both types of hydroxyl groups are lost during the reaction, which produces a decrease in the photocatalytic degradation of toluene. The photocatalytic degradation of toluene adsorbed on H-bonded hydroxyls can be regenerated in the presence of water vapor. Ibusuki et al. [37] [38] [39] . Our group has also carried out some research on the photocatalytic degradation of toluene by using in situ DRIFTS. Sun et al. [40] found that the Fe-TiO 2 photocatalyst was partially deactivated after 20 consecutive reaction runs. A DRIFTS experiment was then performed to investigate the deactivation mechanism, and the results are shown in Figure 10. From Figure 10a , the surface of a fresh photocatalyst was relatively clean. After 20 consecutive reaction runs, many new bands appeared (Figure 10b) . The bands at 3092, 3071, 3030, 2931, 2875, 1646, 1602, 1495, 1452, and 1355 cm −1 were due to the adsorbed toluene on the surface of the photocatalyst. The band at 1684 cm −1 was attributed to the carbonyl vibration of the aldehyde group, and the bands at 1520 and 1416 cm −1 may arise from the asymmetric and symmetric vibrations of the COO − group. This result indicated that the intermediates benzaldehyde and benzoic acid were formed during the photocatalytic degradation of toluene. After heat treatment at 653 K for 3 h in air, the bands of benzaldehyde and benzoic acid disappeared completely (Figure 10c) . From this experiment, the reason for deactivation was attributed to the formation of stable intermediates, such as benzaldehyde and benzoic acid, which occupied the active sites on the surface of the photocatalyst. These intermediates can be removed with heat treatment at 653 K for 3 h, and the deactivated photocatalyst can be regenerated completely. In order to understand the influences of H 2 S/NH 3 species on the photocatalytic degradation of toluene on TiO 2 , Zhang et al. [17] investigated the adsorption and photocatalytic degradation of gaseous toluene on TiO 2 surface modified with H 2 S and NH 3 species. Figure 11 shows the DRIFTS spectra of the samples. The surface of fresh TiO 2 (TiO 2 -p) was relatively clean. A small band attributed to the bending vibration of δ(H-S) was observed at 1439 cm −1 (curve TiO 2 -H 2 S), suggesting the presence of sulfhydryl on the TiO 2 -H 2 S surface. In the curve TiO 2 -NH 3 , the band at 1596 cm −1 was attributed to the coordinated NH 3 , and the bands at 1231 and 1166 cm −1 were due to the symmetric deformation of NH 3 . Figure 12 shows the DRIFTS spectra of toluene adsorbed on the samples. After toluene was introduced, the characteristic bands of toluene (3074, 3035, 2940, and 2877 cm -1 ) appeared. The intensities of these bands on TiO 2 -NH 3 were obviously weaker than those on TiO 2 -H 2 S and TiO 2 -p after 70 min of adsorption, indicating that the adsorption capacity of TiO 2 -NH 3 for toluene is smaller than those of TiO 2p and TiO 2 -H 2 S. After the adsorption of toluene reached equilibrium, the samples were irradiated by UV light (Figure 13) . In the high wavenumber region, the characteristic bands of toluene decreased in different degrees for all the samples, indicating that adsorbed toluene was decomposed. In the low wavenumber region, many bands of benzaldehyde and benzoic acid appeared, and these bands on TiO 2 -H 2 S were significantly strengthened, suggesting that there were more intermediates on TiO 2 -H 2 S. Combined with the results of photocatalytic activity and other characterizations of the samples, it is concluded that surface modification with H 2 S enhanced the adsorption of toluene and promoted the degradation rate at the start of photocatalytic degradation, while that with NH 3 inhibited the adsorption of toluene but enhanced the photocatalytic activity for the degradation of toluene. For TiO 2 -H 2 S, the sulfhydryl group formed from the dissociation of H 2 S molecules was favorable for toluene adsorption. The low photocatalytic activity may be caused by the inhibition of the regeneration of surface hydroxyl groups, poor generation of O 2− • radicals, and accumulation of highly stable intermediates. For TiO 2 -NH 3 , steric hindrance interfered with the adsorption of toluene, while the abundant surface hydroxyl groups were likely to contribute to the degradation of toluene. Wang et al. [41] identified the facet-dependent adsorption of toluene on TiO 2 by using an in situ DRIFTS apparatus. Figure 14 shows the DRIFTS spectra of TiO 2 with dominant {001} facets (T001) and TiO 2 with dominant {001} facets (T101) before toluene adsorption. The bands at 3449, 2991, and 1630 cm −1 were assigned to O-H stretching mode of the terminal Ti-OH, adsorbed water Ti-OH 2 species, and H-O-H bending mode of free molecularly adsorbed water, respectively. The intensities of these bands suggested that the hydroxyl groups tend to be formed as terminal Ti-OH on the {001} facets and the {101} facets favor the formation of adsorbed water Ti-OH 2 species. Additionally, there is a large amount of free water on the {001} facets. Figure 15 shows the in situ DRIFTS spectra of toluene adsorbed on T001 and T101. After toluene was introduced, the characteristic bands of toluene appeared. The positions of these bands on T101 were red-shifted slightly, compared to that on T001, which may be attributed to the different Ti 4+ adsorption sites on {001} and {101} facets for toluene adsorption. The toluene adsorption increased more rapidly on {001} facets and the adsorption process was typically in accordance with Langmuir−Hinshelwood model of first-order reaction, while the adsorption process on {101} facets was in accordance with the two-step kinetic equation. The distinction of the adsorption capability was probably due to the different number of unsaturated 5c-Ti, capable of forming the main active adsorption sites (terminal Ti−OH species). During the photocatalytic degradation of toluene, TiO 2 with dominant {001} facets showed a significantly high photocatalytic activity. This outstanding performance was mainly attributed to the high adsorption ability and the preservation of the free molecularly adsorbed water, which can be dissociated to form hydroxyls and further promote the degradation. 
Degradation of formaldehyde
The adsorption and photocatalytic oxidation of formaldehyde have been frequently studied on TiO 2 with metal co-catalyst. The related mechanisms have also been investigated by in situ IR. In these cases, it was noteworthy that the formate species did not appear on pure TiO 2 without UV irradiation, indicating that the noble metal addition promoted the formation of formate species [42, 43] . However, a few literature paid attention to the photocatalytic degradation process of formaldehyde on TiO 2 . In the adsorption process, the interaction between formaldehyde and the hydroxyl groups depends on hydrogen bonding. As shown in Figure 16 [44] , when water vapor was introduced, a large part of weakly adsorbed water can be detected from the broad band in the 3600-3050 cm −1 range and the band at 1652 cm −1 . However, no obvious difference about formaldehyde adsorption appears, because even in the dry condition, TiO 2 can provide the hydroxyl sites from dissociative chemisorption of water onto the Ti 4+ sites. It yields significant difference after introduction of UV irradiation (Figure 17) . In the dry condition, the bands at 2956, 2913, 2759 cm −1 decreased, and almost disappeared after UV irradiation for 30 min, while the bands at 2863 cm −1 decreased slowly relatively. All of these bands can be assigned to the C-H stretching mode υ(C-H) of formaldehyde. The small bands at low frequency (1551, 1413, 1357, 1303, and 1254 cm −1 ) were also decreased. Meanwhile, two strong bands at 1572 and 1361 cm −1 appeared and reached a steady level after 30 min. The two bands could be assigned to asymmetric and symmetric υ(COO) on TiO 2 sites, respectively. These spectra suggest that the adsorbed formaldehyde converts to formate species on TiO 2 . In the humidity condition, according to the changes of the integrated areas of the bands as a function of time for TiO 2 under UV irradiation, the characteristic bands of formaldehyde decrease more quickly along with quick increasing of formate species. In other words, the introduction of water promotes the conversion of adsorbed formaldehyde to formate species. It can be attributed to the fact that oxidation of water and hydroxyl groups by the photogenerated holes produces very active OH• radicals that take part in the redox reactions and improve significantly the mineralization rate of formaldehyde. It should be pointed out that water produced during the photocatalytic process can redistribute on the surface in the form of different hydroxyl groups and further contribute to the degradation of formaldehyde. But, excessively high concentration of water vapor negatively affects the degradation efficiency because of the competitive adsorption between water and formaldehyde [46] [47] [48] .
Degradation of other VOCs
The adsorption and photocatalytic oxidation of ethanol and acetone vapor on TiO 2 have been studied by Coronado et al. [49] using in situ DRIFTS. The in situ DRIFTS spectra obtained during the photocatalytic oxidation of ethanol and acetone vapor over TiO 2 powder are shown in Figures 18 and 19 , respectively. They found that ethanol was adsorbed on the TiO 2 surface either molecularly or in the form of ethoxide complexes. Acetates (the bands at 1540 and 1440 cm −1 can be assigned to the asymmetric and symmetric υ(COO), respectively, of acetate complexes) and formates (the band at 1360 cm −1 can be attributed to the symmetric υ(COO) mode of formate species) were intermediates during the photocatalytic oxidation of ethanol. In the case of acetone, it was suggested to be adsorbed exclusively in a molecular form on TiO 2 . Acetates and formates were detected as the major intermediates and secondary intermediates, respectively. Adsorbed acetaldehyde (the peak at 1715 cm −1 can be assigned to the υ(C=O) vibration mode of aldehyde, and the band at 2870 cm −1 is characteristic of the υ(C-H) vibration of aldehyde molecules) and formic acid (the shoulder at 1745 cm −1 can be ascribed to the dimeric form of formic acid) were also observed. They suggested that the hydroxyl groups on the TiO 2 surface play a key role in the photocatalytic degradation of ethanol and acetone. However, Mattsson et al. [50] found that the bidentate bridged formate and carbonate were the main intermediates during the photocatalytic degradation of acetone on TiO 2 . The illuminated TiO 2 surfaces, in the presence of methanol, were studied using in situ DRIFTS by Balcerski [51] . It was found that the irradiation of TiO 2 in the presence of methanol and O 2 produced H 2 O, CO 2 , and surface-bound formic acid.
An in situ DRIFTS study of acetic acid adsorption and photocatalytic oxidation on TiO 2 by Backes et al. [52] suggested that acetic acid adsorbed both molecularly and dissociatively as acetate on TiO 2 . Molecularly adsorbed acetic acid was oxidized by first generation acetate. During the photocatalytic oxidation of acetic acid on TiO 2 , the α-carbon in acetate directly formed CO 2 , whereas the β-carbon formed CO 2 through intermediates, such as methoxy, formaldehyde, and formate. A comparative study of the photocatalytic degradation of trichloroethylene on titanate and TiO 2 nanostructures was reported by Hernández-Alonso et al. [53] . In this study, in situ DRIFTS approach was adopted for surface analysis. They found that at least three different carboxylate species with different kinds of coordination symmetry (e.g., bridged dichloroacetate, bidentate formate, etc.) were present on the surface of the samples. The main difference between TiO 2 and nanotubes was suggested to be the larger proportion of formate species for the nanotubes. Moreover, the nanotube samples showed selective removal of some specific hydroxyl groups, which may be due to the accumulation of carboxylate complexes (mainly dichloroacetate and formate) and/or chloride on the surface.
Summary and outlook
It has been demonstrated that VOCs can be efficiently photocatalytic-mineralized on TiO 2 . This chapter reviewed a series of studies investigating the mechanism of photocatalytic degradation of VOCs on TiO 2 by using in situ DRIFTS. It involves in situ infrared techniques with the development of reaction cells, in situ accessories and gas-dosing systems, representative examples of spectral analyses, and special understanding of the adsorption and degradation processes. The nature of toluene, formaldehyde, and acetone, adsorbed and decomposed on TiO 2 , has been obtained from in situ DRIFTS under simulated operating photocatalytic conditions. In general, surface hydroxyl groups are considered to be the major active species that the adsorption is taking place. Photogenerated charge carriers most likely react with these species to generate extremely powerful radicals which can further react with surface-adsorbed molecules of VOCs. Therefore, it drives the rising of some surface modification strategies, such as NH 3 /H 2 S treatment and facet engineering, to promote the performance of TiO 2 . Considering that other factors, such as the oxygen adsorption, operating temperature, the initial concentration of VOCs, etc. also influence the adsorption and degradation, much work is needed to perform experiments in such conditions. Although in situ DRIFTS is very useful to investigate the photocatalytic air purification, it should be recognized that the development of reaction cells and accessories lags behind the experimental demands. We noticed that exploiting the related accessories and gas-dosing systems is only facing limited consumer groups; therefore, it may be worthwhile expanding the success from the independent scientific group. Furthermore, coupling in situ DRIFTS with other characterization techniques, for example, gas chromatography and mass spectroscopy, is essential to obtain more kinetic information. It can be expected that further insights of in situ DRIFTS in photocatalytic air purification will be fruitful with huge amount of effort on the extension of the concept and development of instruments.
